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Figure 1 ligh reselution XPS scans of the Ni5 region of PEDA {top),
MADL Gniddle), and DITA thottom,).

Figure 2 High resolution XPS scans of the N15 region of EDA (top), APTS
(middie), and PL {(sottom)

TABLES

Takle 1 A qualitative assessment of both cortical cell
survival and neurite outgrowth on three different
surfaces under differert conditions after 24 hrs. i sifro.

Table 2 Atomic percenits ol surface composition before and
atter cell culture




PROJECT SUMNMNARY

The aim of this work is to create surfaces on irplartazle silicon
miucrostruciures for the purpose of controliing the interaction of neurons, glia, and
related cells and their protein products with the microstructure. This first quarter
was devoted o establishing the serum-free in vitro culture protocol and to begin
prelimirary surface screening experiments. The longest culture times achieved to
dare are 1I-14 days. This will increase to 3-4 weeks with additional steps that have
been successful ror hippocampal cultures. Five artificial surfaces to date have been
screened for F19 or E1I7 cortical cell response. XPS analvsis has been done on each
surface and the results will se included in a multivariant analvsis treatment of all
the vanables. XTS protocols for analvzing the surfaces after ciiture have been
established and preliminary data are being collected. We have added a cell biologist
with extensive experience in cortical cell calture to work on the project. We have
begun 4 coliaboration with the Huntington Medical Rescarch Institute to provide

them surfaces for implantation studies of biocompatibility in rat CNS.

OBJECTIVES

Overall project objectives:

a) Seleciing candidate surfaces that are likely to enhance the microscopic
mechanical stabilization of a microstructure implanted within the central
NCIVvoUs svstem,;

i Selecting candidate vrganic surfaces that are iikely to enhance the close
APproximation of neurons or neuronal processes o specific regions of
trmplanted silicon microstructures;

i Developing or adapting available methods o bond the selectec organic
molecules to a silicon dioxide surface like the surface of a micromachined

electrode (Tanghe and Wise: A lo-channel CMOS neural siimulating array.




(CEL [rans, sol State Circuts 27:69-75, 1992) and to chemically characterize
these suriaces belure and arter protein adsorp:ion.
t. The attachmment method shall be stable in saline at 37°C for at leasl 3
months;
2. To use silane coupling as the metaod of attachment;
3. To use the silanes to control the spatial extent (i.e., the pattern) of the
deposited surface.

d) Developing a cell culture or other suttable model of mammalian coriex and
Invesugate the growth and adiesion of neurons, glia, micro-glia, and other
cells present in the nervous system on substrates coated with the selected
surtaces;

2} Cooperating with other investigators in the Neural Prosthesis Program by
coaling micreelecirodes (estimated 30 over the contract period) with the
most promising materials tor in wivo evaluation as directed by the NINDS

Project Orficer.

First Quarter Objectves:

* Establish cortical cell culture protocols

* Begin in @itro cell culture screening experiments with rat cortical neurons
on artificial surtaces

* Apply XPS aralvsis to the surfaces before and after culture

* Hire personnel with relevant experience lo participate on project

* Begin collavorations sith other members of the Neural rosthesis Program

BACKGROUND
Biomaterials that penerrate into the central nervous svstem as the microscopic

electrode shalts of neural prosiheses interact with neural and other *issues on a

T




cellular and molecutar level. In order ‘o achieve tight coupling between these
implanted microeleclrodes and the latget neural substrate, this inferaction must be
understood and controlled. Controiiing the interaction requires an understanding
ot how cells, incouding neurons and lia, and extracellular proteins respond to the
suriace chemistry and anv leachable sudstances of implanied biomateriais. This
coniract supported research will study these interactions with a long-term goal of
rationally Gesigring microeletroce surfaces to promote specific tissue interactions.

Presently, available clinical neural prostaetic implanss typically use stimulus
levels that excite volumes of reural tissue ranging Irom cubic millimeters to cubic
centimeters around the electrode. Because of the large stimulus intensities required,
precize control of the response of neurons within the figs! few cell lavers of an
implanted electrode Ras not heen necessary. Recent developmen:s in the areas of
micromachinirg and fabrication of silicon integrated circuit microelectrodes have
mtroduced the possibility of controlled stimulation of smaller volumes of neural
tissue--on the order of one thousand to one hundred thousand times smaller than
those wsed today.

The etficiency of these microelectrodes deperds on the micro environment
around stimulating sites. The surface of the microelectrodes and the proteins that
adsorb to this surface have 2 major impact on the wav in which different ceil
populatiens react to the implant. Neural growth cones are sent cut from many
neurons around a microelectrode following implantation. With appropriate
sur:aces it may be possible lo get seiected neurons to send processes directly to the
micreclecirodes, Glia and other cells also respend to an implanted electrode. With
appropriate surfaces 1L may ze possible ‘o get cell adhesion and anchoring of some
areas of tne implant siructure wrile leaving other areas with minimal response
‘rom glial cells. This studv will investigate ceilular and molecular responses to

specitic surtace modificalions of silicon microelectrodes,



RESULTS

Cell Culture

We are irn the process of setting up the faciiity at George Mason Universitv {or
cortical work. This was delaved due to some procedural details at the university that
have been rectified. We have established a rudimentary serum-free culture system
tor the cortical cells o moere closely approximate the composition of cerebral spinal
fluid (CS5F). We have started screening the artificial surtaces for neuronal growth
and survival. The preiminary cell culture results are listed in Table 1. A detailed
maorphological anaivsis will be performed. The initial results indicate a wide variety
uf responses (o the surfaces. Preliminary longevity was [0-14 davs. Large scale
screening wild not be done until 3-4 week survival is achieved with cortical ceils.
We do not belleve this will be a problem as we have successiully established this

timeframe with hippocampal cells.

XP5 Analysis

XP5 is necessary far this program in the same way that an NMR spectrometer is
nceessary Lor conduciing an organic synthesis program. Since we are svnthesizing
surfaces and modifying their properties, we will need to assay the result of the
surtace betore (starting material) and after (reaction product) modification. This is
analogous to examining a procedure by NMR. One would not think to run an
organ:c syntretc reaction with only an occasional examination ¢f the actual
product; in the same sense, it is crucial for us to examine the product in our surface
modification experiments.

XIS analvsis was performed on the surfaces listed above for the cortical
experiments. Representalive XPS spectra for the nitroger region are shown in

Figures [ and 2. Precminary calculations of surface composition for all elements are




incluced in Table 2. This data, atter rurther workug, will be incorporated in a
mullivariant analvsis of factors adecting cortical growth and survival, XPS analysis
ot substrates ollowing culture have just been compieted for the earlisst
experiments. These have not! been fullv analvzed so the results are not included in

this report. Thev will be fully documented in the second quarterly report.

Ferscnne!

Marmaret Covtombe., BS., 3.5, Biological Sciences

Ms. Coulombe joined SAIC as a Staff Cell Biologist with responsibility for
culturing explanted neuronal elements and maintaining neurgnal cel! lines as well

2s assisting in the growih and mainterance of cells on the surface of the electrodes.

David R Jung, PRI Physics

DOr. Jung has joined SAIC as a Staff Surface Chemisi. e has studied the
chemical interactions of metal overlavs on self-assembled moenolayers (SAMs) using
FTIR and XIS technigques for the pasl 4 vears. As a member of the Lile Scienees
Operation, ke manages the XPS service center, prepares SAM-modified substrates
for cell culture, and conducts XIS surface analysis of samp.es before and after cell
culture. Ur. Jung 1s respansible ror modifying the surface of electrodes as well as XP5

characterization of the surlaces.

Coflaburations

We have established a collaboration with Dr. Agnews' group at the Huntington
Mecical Research Institute. We have coated silastic tubing with an artificial laver
that has been shown to reduce protein adsorption. These have been implanted in

rat spinal corc canals for 6 weeks. When removed, histological and surface analysis



will be done o show the efficacy of the treatment to reduce unwanted protein

absorpiion arnd olher resustant tissue buildup.

NEXT QUARTLER OBJECTIVES
¢ Establish cortical cell cuiture eonditions tor 3-14 week survival
«  Continue screening of surfaces for cortical cell survival
«  (ontinue surtace analvsis ot artificial surface both betore and afler cell
culiure
*+  Begin surface stability experiments in saline at 37°C

s«  Begin screening ron-ideal artificial surtfaces for glial cultures

»
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